Abstract. We consider (unbounded) Timed Petri Nets (TPNs) where each token is equipped with a real-valued clock representing the "age" of the token. Each arc in the net is provided with a subinterval of the natural numbers, restricting the ages of the tokens travelling the arc. We apply a methodology developed in [AN00], based on the theory of better quasi orderings (BQOs), to derive an efficient constraint system for automatic verification of safety properties for TPNs. We have implemented a prototype based on our method and applied it for verification of a parametrized version of Fischer's protocol.
Introduction
One of the most widely used techniques for automatic verification of programs is that of model checking [CES86, QS82] . A major current challenge is to extend the applicability of model checking to the context of infinite-state systems. A program may be infinite-state since it operates on unbounded data structures, e.g. timed automata [ACD90] In this paper we consider verifying coverability properties of TPNs. In our model, each token in a TPN has an "age" which is represented by a real number. A marking of the net is therefore a mapping which assigns a bag of real numbers to each place. The bag represents the numbers and ages of the tokens in the corresponding place. Each arc of the net is equipped with an interval defined by two natural numbers. A transition may fire only if its input places have tokens with ages satisfying the intervals of the corresponding arcs. Tokens generated by transitions will have ages in the intervals of the output arcs. Furthermore, we assume a lazy (non-urgent) behaviour of the TPN. This means that transitions may be delayed, even if that implies that some transitions become disabled because their input tokens become too old. Observe that TPNs cannot be modelled within the context of real-time automata [AD90], as the latter operate on a finite number of clocks. In fact TPNs are infinite in two dimensions; they have an unbounded number of tokens and each token has a real-valued clock.
An instance of the coverability problem consists of an initial marking, and a upward closed set of bad markings. Intuitively, we do not want the bad markings to occur during the execution of the TPN, and therefore we are interested in showing that no bad marking is reachable from the initial marking. Using standard techniques [VW86,GW93], we can reduce several classes of safety properties for TPNs into the coverability problem.
To solve the coverability problem, we apply an instance of a general algorithm described in [AČJYK96a,AJ98a] for reachability analysis of infinite-state systems. We use a symbolic representation, called existential zones for representing (infinite) upward closed sets of markings. We perform a fixpoint iteration, in which we generate existential zones characterizing the set of markings from which a bad marking is reachable within j steps, for increasing values of j.
A main issue when using such an algorithm is to show that the fixpoint iteration always terminates. Applying the method of [AČJYK96a,AJ98a] to existential zones, we can show that the termination of our algorithm is guaranteed if we show that existential zones are well quasi-ordered, i.e., for each infinite sequence of zones Z 0 , Z 1 , Z 2 , . . . , there are i and j with i < j where Z j characterizes a set of markings which is a subset of the set of markings characterized by Z i . To show the well quasi-ordering of existential zones, we follow the methodology of [AN00], and show that existential zones in fact satisfy a stronger property than well quasi-ordering, namely that they are better quasi-ordered. It is worth noting that the well quasi-ordering of existential zones is not possible to show with the framework of [AČJYK96a,AJ98a]. Thus, model checking of TPNs provides a strong evidence that better quasi-orderings are more suitable to use in the context of symbolic model checking than well quasi-orderings.
Based on our algorithm, we have implemented a prototype for automatic verification of safety properties for TPNs. We have used the tool for verification of a parameterized version of Fischer's protocol with encouraging results. 
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